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^jKtWf^fflTfflSSOttHS^-r^-l' :t h D try i^U^ 

•^^yi7^^T$t^ po 1 y-p — pheny 1 ene 
terephthalamide /H2 S Oa \i, i 

[0 0 0 4] :^mmM\t, ^i^mz\t^^i.f3iA^-Drzti- 

[0 0 0 5] 
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5^a.-:/-C* ^ d t t-r-Sm 1 05!EWSfc»f5 2 

[0 0 0 8] f^4(D^m\t. :^-^>±y^:L--:;r^m 

aT#Effpbfc^. ^(Dxmmzm6nrzti-^^>i-/^ 

[0 0 0 9] ^5(D^5Btt. tl—:^>i-y'^:3.—y^m. 

3.-::^?£i«7Ktt©SJ«lcS§lt-5Xg*^€.!45 c 
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or ST) Xm^TSb-Dtz. 

[0 0 17] 02{C, h)VX.>'pm8ti)^0. 0 13mo 
[0 0 18] 

fc;^ -3j? / 5^3.-r^«ffl^ifc^Rst^^s^?&s«■r5 
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[Ell] *»W®!S*ttffltS0. 0 5mo 1 /L©*"** 
[0 2] 3js:%K©»7KttiacS0. 0 13mol/L©h 
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i^lW- ^M-^Shinohara Hisanori 



1. 



r;t7 v:^y ^ - 7 (CNT)j i 5 mm^ffl^^-C^ < O-fb^^ttfpJ^ 

m^Mj, i 5 OdHb^^O i o CNT {■cov^-tO^ifciKJ/i^it-tl'H^ 
m^t-e. CNT ti7 7 - u Jtt^Lt:— ^J-c-ft^^jci o-C 

CNT tt^O-*— mm. Cco'lrttCibi 

■^'tt^mm^m^f^y 7-i^:ymmi^7b'^^^-^h,x\,^^. ^^s-ctt, ecs 

(Electrochemical Society) <o 7 v — v •> v v> 'J' a (Recent Advances in 
the Chemistry and Physics of Fullerenes and Related Materials):^ E<Oy 

V - u v^^^iO-^fiScfc-ouv-c^^L-Ci.^?). iiixf-^^f L-C, CNT 

@v,>CNT-C'b-?:0":S-^^fl:"^i. 10^?-%^i-2>. ixf* Csof-^mi" ^ <h, 
*.-J;^14.000fi^^c*i^-r5,. Cio^d^ibv^o-C'b CNT H. :9'^i»,^5J; 
!? "El#:"<h J:^'cD*»J; 'j^$i:?Lv>. -fb^^»- ^ -o "C $ (b fc-^o i 
f-. CNT tt^^-uvoi^^^i^p-^h^J-'^^-t-OJi^ tc^f^^^X-m 
M^i^-^jxX\.-ts:\,\ ioh-ioHiX SiSfitJ^^ti, 4^7 y^^^ 

--^ci'diJiofcJlSSS CNT Lv^. m?E*t:'fc. CNT ^^Ji^^M-r Sfc 
»><0^<<D^tlA'-t£-^ixX\,^i. Ld-L, f^<^^<^'-r-<-CO^^^iCNT i 




1953^ ^5J!Rafe4ix. 1979^ 

»S4'ig. *.-^/xif 
5£-r — T ti'"7 V — tT y 



— ^^^#5^^. ^-%^^^^CNT(singIe-walled call 

* '-»a«<scan„,„g tunneling microscope ; STM)«! c 



5??- 




0 1 i-y^o.-7mm^ff>y-ym-ittf^7-:/mit 

( a ) Kfi:vfIOlig*4 SWCNT O SEM ( b ) 325 'CX- 5 ^PbT 7 
rS?fl:Lfc&ioSWCNT<OSEM®, (c) t K9i>v-c-aSi7 
f Jg^k L /w * i O SWCNT O SEM fii. 



ej2o MCI u±^:>mm^m:k-t^*i 




13 2 7•y3R•ft^^^/=■:^y^i-7'OT3e: 

7 5'^^b<250 °C. Uf^W-^Hti SWCNT O 
STM{^(860 A X 180 A). 



r 7 ^-fk SWCNT JiT = - v^®?g[4>■C"^^K^" $ S i <!D^^^>di^ 
J, 5*»Slil6*JfcjiKibd»X-i^jc^>(S3). ;:ttf*, 7 y ^-fbJi— 2^(individ- 
1^. uaDo SWCNT 0#J®^7 s'^-ft:L-Cl-?)OX-tt-^x< SWCNT o^Cbun- 
die, rope)^7 y ^-fkLTrt^^.Ttft-Cife?). 7 y 5g^^j5»^(D4'OiiljSiJO 
SWCNT JC\.^§-Jge>-r. *0 SWCNT <7){B!lffiOi--<-Cd»7 ^'^-fk^ 

ix-Cttl^fxl^/cib-T:'^;^ tbtL?.. Lyid*»o-t:^i^fc^(t^ SWCNT 

^- ■^■tm.-r^fcibi^i±, -Rfbd^OI^-S-t:- SWCNT cD^^^a<-L-t:, 
*'^3iSz:LA: SWCNT ^fFMi" 

2.2 j§C:^i. CNTCT)^^ -fcHESr CNT -v-cT^^t^^^lfli 
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0 3 Z7 m it ^ ti tz 
SWCNT (D m m 



102 em ti-7t(y:^y^oL-y(Dpsmit<tit^^m 



Copen-end)0 -r / ^ =^ ~ -7 t 
Ofii^tt 7 7 u 

J: < l'ig^Yt:$-^^>/ci6fc 
^. J: <^t^ibh.^::^St 

^ — ^ ^ K o :^ - .i-: V :^ y 



@MfrCni-^jiCNT^^^oM~*Jt, ^ < ^K^f (shortened, cut)$K 
SWCNT-CfTioix/-), CNT:gr^<^K?r-rs^ifcj: t), ( 1) iSf 

/c)CNT ^tr/c^c^fiSc-e^ 2). ^ o0 < M'^^ixfc SWCNT Oi^i^^^^ 

T'ie^^®^^&^^C.X100--300 nmM^c^®r*ixfc SWCNT o^^ 
^ vCODA, CH3(CH2),.NHJc!:c>^ ^ ^ ^ A.^:yi^Ji^§ 
i^i ttU^T^^H^?, CNT"CSWCNT-C0NH(CHJ,,CH3:)| 
^;e;t$g^ $ ;K^^>. ;^-:/v^vKo SWCNT ^JS L ^ 

^mm^\^fc;bt frc, $ tb o^^^ ODA -Cfi^ pl^tt'clfu 
<D SWCNTCs-SWCNT) ^^m^f ^5 1 ) ^-^^ 

,0 



SWCNT-Cf° SWCNT-/ ^i^i^^:^ sWCNT-(^^ 

OH ^ci 90—1 00°C ^ 



4S 



NH(CHj),y:Hg| 

-os;E;^*<!:L-coJtz^^i60%^^x.•cv^2,. tfc. ;:osjcsag«^ 

ODA t SWCNT-COCl ^igS(90~100 'OT^^fi^^^ir^, J^i 
RlE^fcti SWCNT 0#®*t|5:^fc%ili?S-f 2. <!:;&ttEiw$^rr 
^ f>\ i fia^, :^=)-c-#:S-t- 5 SWCNT >c J: ») fIJvS L TT, • 
*0SWCNTfC7t2.fca6T-^2.. 
s-SWCNT H 7 7 - u V i IWI^fc. -< V -t- h yu3^ V i'o^S 

y -yU^T-fe h VfC»i^^-C^^. S-SWCNT 0-ii£^C^^4. -CO 7 iir, 



14 — St-ftiK^CCjg (t/b S-SWCNT <Z) 
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3. cNT(Dmm{y3-iyy ' jwy) 



. : ^ h 4 )"tisc»iti o SWCNT tmmi^, y' y - V ^- * - K 

■%70 cm-0 <!: h u y ^ V ^- - K (1590 cm"') ^^i". 7 y - O v ^ * - 
'(iCNT Atiq^^-t?) J: K-C"". - - ^ Oil 

■^Wit^^J-t?)"'. 150-200 cm-f^mK^ y >;-•;> V - K SWCNT 
^K^ittftfi^^j; '^'C-. SWCNT O =^ + V if ^ y -fe- - -> a V ^-f 2) 5 ;tX-fi^ 

f >£^S)* - f-' t:-* ^ CNT O'ffliiad'^^b^^i^tis ^ Hfc SWCNT -eti-et-f 

1^l,'t>W^H?><!:Me>^v,>-". -t^i, s-SWCNT O^i^Sgm. 31 nm i 

f ; s-SWCNT CD M4So - 7* v = v K ^? 1 14 O i> ^' ^ * yt, -< v -c 

, t ti, v> if ^ * /I'-O'O^fSJ'- J: *? , 

9 y 7^ % o s-SWCNT oH— IH^M^C'^ ^■' + 

|V)t-jBH-f 2»ia?5^^'^'-^ '•'(5386cm-» = 0.67eV)ti?i^i-2>(EI 5). t 
v. r _ A ^ « r M'"o^Jl#tt^ % o s-SWCNT >:i*§M $ H ?> no o-^ 
K (9172 cm-', 9791 cm-0<o3t^%MiJ'l-'C^^^- i> ^ ^ * 
..5fc|||-^-r?.^^Il^ti. s-SWCNT±^*<Oip-f-**^2 P?Ktv.> 
o* !? SWCNT l^O^'v K^iifitt, r < — SBO^^^^O-fb^l^liB 
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0 5 FTi£55t^;^'<^' h^l' 

( a ) s-SWCNT O- m-fl:R5(l^«E. 



3. CNTCDtMC^'^-bV- yW^^) 

^: fitjgEi-c-ti. @<^«fr$ixfcSWCNT<o^-7-v^vKl'C-fk^1fttip^i-2) 

\t.hK.x^, ^mmm-^'^mfs: cnt ^^-a-^-ct ?> c t ^55--:^. ^ix-cti. 

CNT cD-glS'r«ii'<0 J; 5 i'-^Ti:^H^) 0-t:-*>'6 5 

CNTco^lKti, SjSfi<j>^H:> A -*'"'f-=fT;tHtf J:v.>*s 3^tfe-Cti#'^ 
tSm-C*.?.. m^E. :Si>l2:<ffiv,^ibix-C»,^SCNTO^vK±-7-^v-/ 

Ubtto^5£^(98%)/^g«g^(70%)oil^(3 : l)^?B[4'-cCNT^@^^S 
I ^aSt^-f- 2> i , SWCNT Offill® »ci^Pf5t4 O 7^ - 7' v - (open hole) t-^ 
\ ESc-r?). CNTM^-^-^-VTh-zi-d'^-C-t^il^f^tj^Pig^ix-CV^/xV^ds 
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1216 ®^;Jfi>*tcJ:oT*a<-«)Blr**i/t SWCNT<7>^'-y 
fV^''^- K AFM(HOPG 3£t5-h)« 



i e> O 7}- - 7 V - $ lb fci^g^jgc^c i XJ^m $ K 2) <b . CNT,|i 
^0^^*^ib^:i:l'C-eiK»r$ix^. ioJ; 5 ^'SSff $ ix/t CNT I? p 

pipe)'»»t % J: tt*K-CV>^,. m 6 i ^ xM < "SSfr^ixf 

SWCNT OM^rBl;^Pgfc^(atomic force microscope ; AFM)^'^'^^-^^ 
mm -^irtz SWCNT o ijs?;^^ * fcfO^ L SWCNT -C ^ 
miy<0 SWCNT JtfK * 0 SWCNT 7 r v /H7 - ^ :t» rc J: o X 
L -C V K L X V ^ 2> . 

MS^ai-^ i o -C^^ff SWCNT 7 ^cjj^i". 
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^ $ (nm) 
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600 800 1000 1200 1400 
Mc^ (nm) 



I 7 @^ifi>^lZci:oT'W»f^ti/; SWCNT C7):g^^qffi»=) 

mmm9s%:)/mmm%:><om^(.3 : imm^x-mw 

(70 mraU (a)|ii(:^*^:^28()nm), (b)«(^l^ 
:S150 nm)0 CNT (0»^. 



4. SWCNTIS^JtfjglJ-SODTb^ 103 



•3^rr: i o-C CNT (O^*^:S:*»280 nm d» 6150 nm -\ i < /£ t: i ^ . 2.2 
^^,^^/^pjj^fj:SWCNT (D-^^it. ^(Oyj&i^X -p-C100~300 nmigg 
CNT X-niyM^. S^^SS^t SWCNT ^fiSoS:^ 

4. SWCNT IS?a:1f ^(:J-§(D7b^ 

300 nm OS $ < SISt ? Kfc SWCNT ti, ^50.000{@<O^^jl^ t 
25 000{@O7^MS^i*>. ^O^^J:tiiKj600.000Da"»^ffiSi-S. ^iHti *1 Da toi^x til2mfflS 
^^S:<!: bXttJ^^^oH^t'^?). :9-^fiS<j»::»i SWCNT O-*-**'^ 

-C-ti^tt?) SWCNT ^c*ifxlb/i:v^. ^ttS CNT ^c-f syifet^ili. 2. 2^-C 
JE'<fc i 5 nc, - y V V K '^o-fk!^<^fe*»iCi'|g i f£ 2> . 

?M^4'0@^^S^&-c SWCNT -^^m-t ^ t . -gOSlT® O i?* V 'J V ^ V 
Ktijb/i-.+tv^-eiP^i^-f ^(0 8 2.2^-e. SWCNT coS^?}- ^ x 

v'/UT i vCODA, CH3CCH2),7NH0<*: -^^^f 5b /^-<'y ^^M-T ^ ^ t 




^tc. c os^Sfcio ^ 4>rBm. swcNT-coci 4 - k r -> r - 

I^P&^-^^bt^h r^^^SgOS V CNT. SWCNT-C0NH-4-C.H. (CR§ 
CH^Cr^i^^^^r >J /UT i v-c-*S4- K-r v^/bT^ y v, 4-CH3(CHir 
H. NH^-ftioD^-g- file T't 2,(13 9)"'. J;| 
^. 'H-NMR fci iyc AFM fjri'fcj: o ■C^o«^go}t^^^^£$K-Cl^^ 
SWCNT - CONH(CH,),,CH3^ SWCNT - CONH - 4 - CeH. (CH,) ,,C§ 

CNT commx'ittj: < . ^Mxmm&3 futm^ 

100-300 nm Sg^ "Cla < m^-^Htz SWCNT it, 3 fSt? % 
i^. ^^1.4 nm -C|^g;4»l .0 nm 0:R:V,^:7 5 - u vO'-^-f 7' <!: ^ :; 
CNTOf^gi5tfiE±7t(?m^o^ral*'^#:Si-;5. s-SWCNT^i 

v -tf V ^£ i£<Dmmi^'mi&:b t i- ^cti, h < mm^^a cnt o 

^^iAfPiatrO-C'*;^ 5. itgl.O nm gfl^o CNT d^o < ;5^rBT^cttf 

V -t- V f£ i-o^i«^^ti a * A t) -e it^X'^^ . -ej^T $ ^x-ft^l 

$ ixtc s-SWCNT dt^^^c pi^»::f£ s:;*: i- f^geb it, i 
cio^g-a-, SWCNT itm-^^<omm'!tm6^ts:M^X'. ^m^^yi 

nr^fx SWCNT O^fiJcfi. CNTo^g|.;^i^o*fc*fV^x|^ 
s-SWCNT ^i, 7 7 - u V JE: $ -C* o J; 5 >c, Gp£ 
permeation chromatography) J^r <h*0?g#:i7 h 7 7 ^ 

itigEiT:' ft SWCNT <Drt§i5^rBi;4s CNT 'o-pjmm^mwtc^m^Mitzj, 

^fgttlrmiiLfc. trti, :a,^.^^;tT: SWCNT cDf^gU^rB^^Yt^ 

m-imycKm^ii^i.itma ' »mKmt£i:-%:. s-swcnt ortSB^r^, 
^. mm, SWCNT <Df^^^mt^itCso"'t£k-<ov 7-1- 'y'^>^^m\ 

^-^'■^"'^^i,^mi^Mi\s.mxi^^-^Hi,^t7b'^MiS:ioi)^^x^tz. 

- < S^fifci^i: o T. K y ^ ^ A^Si^^ 7 7 - u V Gd@Cs2^-^fe 
B^B-Crt^Lfc SWCNT -C-^5(Gd@C8j„@SWCNT d>i5l|5l^r-^gi|i 

$ixfc'« (Gd@c8.)„@ SWCNT (Dm»mm<D^i&mm^mmmam' 

KCiaiO^^S i. SWCNT O J^^^mi,'^ % pltg^ i fi5|J 

m^H^. P^mi.O nm o SWCNT O^Pal(^C.S)fc. ifigl.O nmf 
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m 10 is V ^} - A^jgrt -a :7 V - u ^(Gd 

r 4* :b (Gd @ Css) „@ SWCNT^«' 
(3)1:$:, (b) V K/uoTEM^f^SE. (c) 
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